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Cardiac glycosides
The cardiac glycosides slow the heart in atrial fibrillation and also increase the force of contraction of the heart by increasing the rate at which tension is developed. This increases the cardiac output and increases blood flow to other organs, including the kidneys-where water excretion is enhanced. Observations in animals and man indicate that digitalis acts directly on contractility. If the heart is of normal size the net Heriot-Watt University, Edinburgh JOHN C GILBERT, PHD, professor of pharmacology cardiac output need not be increased. If the heart is failing, however, its efficiency is depressed and by its positive inotropic effect digitalis restores this and increases the output.
The increased contractility and cardiac output induce a response in baroreceptor activity, and this results in increased vagal activity and slowing of the heart. This contributes to the beneficial effect of digitalis in atrial fibrillation. Other events are also implicated, however, particularly a direct action on the atrioventricular node so that the effective or functional refractory period is prolonged; this reduces the frequency of ventricular contraction. But these effects of digitalis may also underlie some of its toxic manifestations, which include estrasystoles, usually arising in the ventricles; atrial and ventricular tachycardias; and heart block.
Speculation concerning the mechanism of the positive inotropic action of digitalis has centred mainly on the role of adenosine triphosphatase (ATPase), which is activated by sodium and potassium ions together (Na,K-ATPase) in the presence of magnesium ions. This enzyme is present in the membrane of the heart cell, and its function is to mediate the pumping of sodium ions out of the cell and potassium ions into the cell against concentration gradients, the energy for these processes being supplied by the splitting of adenosine triphosphate. Some 20 years ago it was shown that this enzyme is strongly inhibited by cardiac glycosides. Such inhibition interferes with the coupled sodium-potassium pump, and sodium ions accumulate in the heart muscle cell.
Much evidence suggests that glycosides which do not inhibit the enzyme do not exert a positive inotropic effect on the heart: digitalis does not exert this effect in species where it fails to inhibit ATPase.
These observations support the hypothesis that the effect of digitalis on heart contractility is mediated through inhibition of the ATPase. Some studies, however, have thrown doubt on this relationship and on the fundamental concept that this enzyme is the receptor for the drug in the heart. For instance, while some experiments have shown a direct relation between wash-out of the pharmacological action of digitalis in the isolated animal heart and the dissociation of the drug from Na,K-ATPase preparations, others have suggested that inhibition of the enzyme may persist after the decay of the positive inotropic effect. The problem is complicated by the roles of ions, such as calcium, other than sodium and potassium in the heart cell. When the muscle cell membrane depolarises, calcium ions enter the cell. Moreover, calcium is released from bound forms within the cell so that the contractile mechanism is activated. In relaxation the released calcium is taken up again by membrane systems and also calcium moves out of the cell. There is evidence that links the inward movement of calcium, which initiates the contractile process, with the inward movement of sodium ions.
Putting these ideas together one can postulate that cardiac glycosides inhibit the Na,K-ATPase, causing sodium to enter the cell. This triggers the entry of calcium ions (which may, however, be independent of sodium ion entry) and increases the availability of this ion to the contractile machinery. Despite evidence to the contrary, therefore-and despite a hypothesis suggesting that digitalis in low concentrations mediates its effects on the heart by actually stimulating the ATPase the positive inotropic action so vital for alleviating congestive heart failure may result from ATPase inhibition.
Whatever the mechanism of the therapeutic action of digitalis, one is on firmer ground in proposing that the toxic manifestations of drug treatment result from inhibition of ATPase. Digitalis and potassium ions compete for a site on the outside of the membrane where potassium normally increases enzymic activity, and this results in enzyme inhibition. Because the process includes competition the effect of the drug may be increased by decreasing the serum potassium concentration. Hence diuretics which cause hypokalaemia have to be used carefully. Nevertheless, recent work suggests that some potassium-sparing diuretics may raise the threshold of digoxin toxicity by a direct action on the heart rather than on the kidney. This action could result if the drugs directly inhibit the loss of potassium from the heart muscle cell.
Diuretics play a prominent part in treating heart failure not accompanied by fibrillation, and they are also added to the therapeutic regimen after digoxin treatment when fibrillation does occur.
Antiarrhythmic drugs
Quinidine was introduced as an antiarrhythmic agent after the observation that atrial fibrillation, in patients with malaria who were treated with quinine or quinidine, was considerably improved. Since then the antiarrhythmic action has been investigated fully and several factors are now known to be concerned in the actions of antiarrhythmics. The first of these is the suppression of the spontaneous depolarisation that may occur in tissue some distance from that normally responsible for pacemaker activity in the heart. Secondly, antiarrhythmics prolong the period in the cardiac cycle when an impulse cannot be propagated-the so-called effective refractory period. Quinidine itself increases the effective refractory period both by reducing the rate of depolarisation and by prolonging the repolarisation process so that it lengthens the time during which the heart cell cannot respond with an action potential. This BRITISH MEDICAL JOURNAL 3 JULY 1976 decreases the heart rate, and it appears to be the basis for the past use of both quinidine and procainamide in atrial fibrillation.
Phenytoin is not used in atrial fibrillation but it does counteract digitalis-induced tachycardia. It reduces the refractory period and so increases the conductivity and membrane responsiveness of the heart muscle cell. The outcome of these effects seems to be that abnormal spontaneous depolarisations that would otherwise have occurred in "ectopic foci" are prevented from intruding on the normal pacemaker activity.
Lignocaine is another commonly used antiarrhythmic, particularly for ventricular arrhythmias. It reduces the duration of the action potential, and as a result the effective refractory period:action potential ratio is increased in the Purkinje fibres and the muscle fibres so that the discharge at ectopic sites is opposed. Beta-adrenergic receptor antagonists such as practolol and propranolol have also been useful in treating arrhythmias. Whether the value of propranolol depends more on its quinidinelike action which results in membrane stabilisation or on its beta-adrenoceptor antagonist activity is difficult to say. While the beta-receptor antagonist activity is pronounced in the (-)-but not the (+ )-isomer of propranolol, antiarrhythmic activity is pronounced in both, suggesting that membrane stabilisation is important. Even so, low doses of (-)-propranolol are said to be effective in treating paroxysmal tachycardias, and it is known that noradrenaline can induce depolarisation at ectopic foci and cause an arrhythmia.
Vasodilators
Since amylnitrite was introduced in 1867 for treating angina several nitrites have been examined for pharmacological activity and they remain the most important vasodilators for this condition. They are effective because they cause quite nonspecific relaxation of smooth muscle. The heat relies on a continuous supply of oxygen from the blood, and any impairment of the efficiency of the coronary circulation must be corrected quickly.
Glyceryl trinitrate increases the coronary blood flow in normal vessels, but whether this is because of dilatation of the coronary vessels is not known. 
Antihypertensive drugs
The most commonly used drugs in treating hypertension are diuretics, particularly the thiazides. The direct effects of the drugs onvascular smooth muscle may well be concerned in their action.
VASCULAR SMOOTH-MUSCLE RELAXANTS
Drugs which relax vascular smooth muscle are gaining importance in treating hypertension because they decrease the resistance of the peripheral vascular bed. We still do not know how this relaxant activity occurs, though hydrallazine, for example, appears to affect arterioles more than veins. Diazoxide is a potent antihypertensive drug that, though structurally similar to the thiazide diuretics, is not a diuretic. Diazoxide is particularly useful in the emergency treatment of hypertension: given intravenously, it has a direct effect on vascular smooth muscle that results in vasodilatation and a rapid fall in blood pressure. Again, it affects the arterioles more than the veins but we do not know the precise mechanism. If it antagonises the effects of calcium ions, as has been suggested, then its powerful vasodilator action could result from interference with the role of calcium in generating action potentials or in the release of calcium ions during the initiation of muscle contraction.
Several antihypertensive agents affect sympathetic nerves and adrenergic receptors. The constrictor action of noradrenaline, released from sympathetic nerves, on vascular smooth muscle can be antagonised by alpha-adrenergic antagonists such as phentolamine.
Pentolinium has an antihypertensive action by blocking transmission in sympathetic ganglia, but the drug is now seldom used. Adrenergic neurone-blocking drugs such as guanethidine, bethanidine, and debrisoquine are also used as antihypertensive agents. These act in a third way: after they are taken up into the adrenergic nerve terminal they prevent the release of noradrenaline.
BETA-ADRENERGIC ANTAGONISTS Beta-adrenergic antagonists such as propranolol are of value for treating hypertension, and they may be given with vasodilators. The onset of the antihypertensive effect of propranolol is not immediate, and the mechanism of its action is still not clear, though its role in reducing the heart rate and the cardiac output is obviously important. Propranolol also affects the peripheral blood vessels, and lowers the plasma renin activity. The latter action would lower angiotensin levels, and since angiotensin contracts vascular smooth muscle, the result would be a reduction of the peripheral vascular resistance.
Two other possible mechanisms of propranolol are a change in the sensitivity of the baroreceptors of the carotid sinus and major arteries, so that their performance adjusts to the reduced cardiac output, and a direct effect on the central nervous system. METHYLDOPA Methyldopa also seems to have an antihypertensive effect by an action on the CNS. Methyldopa inhibits dopadecarboxylase, the enzyme which converts dopa (dihydroxyphenylalanine) to dopamine. This depresses the synthesis of dopamine, noradrenaline, and serotonin. The significance of this is being reconsidered, however, and a recent hypothesis is that methyldopa in the CNS is metabolised to alpha-methylnoradrenaline; this compound may exert an antihypertensive action through interaction -vith central alpha-adrenoceptors.
CLONIDINE
A drug often used in mild hypertension is clonidine, though initially it may increase the blood pressure. This may reflect the fact that clonidine, which is structurally similar to tolazoline, the alpha-adrenoceptor antagonist, has intrinsic alpha-adrenoceptor agonist activity so that a direct but transient peripheral vasoconstrictor action could occur. Its withdrawal may cause rebound hypertension.
The adrenoceptor agonist activity may be concerned also in its antihypertensive action if alpha-adrenoceptors in the CNS are activated so that the sympathetic nervous system is inhibited. This hypothesis is a difficult one to test but the action of clonidine does seem to result from effects in the CNS rather than at the periphery.
One cannot include here a discussion of the mechanisms of all the drugs that influence the activity of the cardiovascular system. Those which have been mentioned, however, do illustrate the extent to which the treatment of cardiovascular disorders has a sound pharmacological basis.
Statistics at Square One VII-Statements of probability T D V SWINSCOW British Medical Jouirnal, 1976, 2, 33-34 We have seen that when a set of observations have a "normal" distribution-as they commonly have in medicine and biologymultiples of the standard deviation mark certain limits on the scatter of the observations. For instance, 1-96 (or approximately 2) standard deviations above and 1 96 standard deviations below the mean (x-196 SD) mark the points within which 95",, of the observations lie.
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Probability limits
We noted that Dr Green's 140 children had a mean urinary lead concentration of 2-18 P.mol/24 h, with standard deviation 0-87. The 950o probability limits here are 2-18 1 (1 96 x 087), giving a range of 0-47 to 3-89. One of the children had a urinary lead concentration of just over 4 0 Lmol/24 h. This observation is greater than 3-89 and so falls in the 5°' beyond the 95%" probability limits. We can say that the probability of each of such observations occurring is 5%' or less. This probability is usually expressed as a fraction of 1 rather than of 100, and written P <005.
Standard deviations (or standard errors, which behave in exactly the same way) thus set limits about which probability statements can be made. Some of these are set out in table 7.1. To use table 7.1 to estimate the probability that a certain observation, say a urinary lead concentration of 4-8 ,tmol/24 h, came
